A fingerprint was developed to evaluate ten genotypes of Andrographis paniculata (a herbal drug) collected from different geographical locations. The genotypes were assessed by HPLC and the chromatogram areas were used to construct fingerprints. Between the two fingerprints, vector of differences was defined. The scalar mean of the deviated vector was used for statistical analysis. By incorporating appropriate chemometric methods better differentiation of samples was achieved. This provides tools for extracting relevant chemical information from the obtained data. The developed method can be used as a quality control tool for rapid authentication, identity, assessment and selection of good quality natural drug from a wide variety of herbal samples.
In recent years, there has been a great demand for plant derived products. These are increasingly being sought as medicinal products, nutraceuticals and cosmetics [1] . Andrographis paniculata Nees (family Acanthaceae), one of the most promising herbal medicines in South East Asia, is claimed to have anti-inflammatory [2a] , anti-platelet aggregation [2b], antihyperglycemic [2c], hepatoprotective [2d], antitumor [2e], and antihuman immunodeficiency virus activities [2f,2g] . Andrographolide is a principal medicinal component of A. paniculata [2h] . It is well known that the therapeutic effects of this herbal drug are based on the synergistic effect of its constituents and, therefore, it has become essential to develop a reliable, specific and sensitive detection and quantification technique for obtaining good quality raw and processed materials.
Conventional chromatographic study focuses mainly on the determination of the active components, while fingerprinting can offer integral characterization of a complex system with a quantitative degree of reliability. In this respect, fingerprinting has gained more attention than any of the other quality control systems [3a-3d] . Fingerprinting is a method that provides chemical information about medicines from spectrograms, chromatograms and other information obtained by analytical techniques [4a,4b] . There are always chances of wide variations with respect to the chemical contents of crude drugs/raw materials of plant origin due to various reasons such as climatic conditions, geographical distribution, source and season. For this reason, it is necessary to establish a fingerprint for a medicinal herb for its quality control. The advancement of chemometric methods has become a leading tool towards faster analytical results and shorter product development times [5a] . Hence chromatographic fingerprinting with chemometric analysis for controlling the quality of herbal medicines and their products has been accepted by many countries and organizations [5b,5c]. The objective of this work was to establish a simple and reliable technique for quantification of andrographolide and develop fingerprinting for ten genotypes of A. paniculata collected from different geographical locations of India.
The quantitative estimation of andrographolide was performed with regard to specificity, precision, accuracy and linearity. This was applicable in fingerprinting and variation analysis within genotype [6a,6b] . The composition of the HPLC mobile phase was optimized to achieve good resolution. The best resolution and peak shape was obtained using acetonitrile, methanol and water (65:20:15 v/v). The HPLC profile of the standard compounds was prepared. Andrographolide had a stable and high content and was completely separated from the other peaks. The presence of andrographolide in A. paniculata samples was verified (peak 'd') by comparison of its retention time with that of the standard chromatogram ( Figure 1 ). Specificity was ascertained by comparing the area of the standard peak with that of the sample peak. The precision was evaluated by analysis of the sample in three replications to maintain reproducibility and repeatability. There was no significant difference in the quantification of each sample. The correlation coefficient between the standard and sample graphs was 0.9963 and the R.S.D. value of the peak areas was 1.8%. Also, the sample recoveries were determined by adding reference solutions of variable concentrations. The average value obtained was 99.4% (n = 3), with an R.S.D. less than 2%. The results indicate that the method developed has acceptable precision, reproducibility and stability.
The fingerprints were constructed by the peak areas of the HPLC chromatograms of ten A. paniculata genotypes presented in Table 4 . The chromatogram was represented as vector a = [a 1 , a 2 , . . . , a n ], where a i (i = 1, 2, . . . , n) is the area of the i th chromatographic peak and n is the number of chosen peaks. The nine selected common peaks are shown in Fig 1 ( a -i). The differences between the two fingerprints can be defined as , where a 1 and a 2 represent two fingerprints of the same sample. If measurement errors are only from random noise, each peak will have a distribution of N (μ i , σ i 2 ), where μ i and σ i are the original value and the standard variance of the i th peak area, respectively. The values for μ i and σ i were estimated by repeated measurements on the same sample. With the peak area distribution transformation into µ`i = μ i /σ i , each peak area is divided by its standard variance. If a 1 = a 2 , then r = 0, and the two fingerprints are clearly identical. If r is sufficiently small to be statistically compared with a zero vector, then it can be concluded that there is no significant difference between the two fingerprints and they are considered to be the same. On the basis of r, the similarity matrix was constructed. When , it means that two fingerprints have no significant difference, if , it means that there is a difference between them, where and r i is the i th element of r. The relative standard deviation (RSD) values of the nine common peaks of the HPLC chromatograms among five batches of samples are shown in Table 1 .
RSD values were found to be less than 0.98% for retention time and less than 4.28% for the peak area, which meant the common peaks were in good correspondence in five batches of every sample. This indicates that the pick of same batch was similar. Both the correlation coefficient and the vector cosine were calculated between five batches of fingerprints from same producing area and the results were about 0.9637 (table-2).
The fingerprints were assessed by analysis of PCA. The two principal components represent almost 92% of the total variance in the data set. The first principal components (PCs) consisted of 71% of the total variability followed by the second PCs with 21% variance. Overall, each sample was able to form a distinct cluster in the twodimensional plot (Fig. 2) . Examining the space defined by the first and second PCA of the HPLC data proves the variability found among the collected genotypes. The t-test statistics displayed variation which comes from the differences of μ`i of the two corresponding peaks (Table  3 ). The results indicated that the region of origin will cause differences between the fingerprints of A. paniculata, and this can be used to formulate standard criteria for selecting the crude drug, and be a quality control standard for the planting of A. paniculata, as well as to provide the link for the botanical identity and quality from the number of chemical constituents present in plant [7] .
SIMCA classification was employed for performing a real situation task such as assigning upcoming unknown samples [8] . SIMCA classification based on the predefined PCA model yielded 100% correct classification for all classes at 5% significance level. The SIMCA showed that the samples AP3, AP9 and AP7 maintained a higher Chemometrics evaluation of Andrographis paniculata Natural Product Communications Vol. 6 (12) 2011 1931 *Shows non-significant differences distance than the rest of the samples. The training set ranging from 0.1305 (AP10) to 0.7784 (AP3) represents the sample to model distance. The sample distance ranges from 0.56495 (AP3) to 0.98776 (AP10). Principal component mapping by SIMCA described samples into a much lower dimensional subspace and reasonably defined the class of this herbal medicine.
Hierarchical cluster analysis was performed to generate clusters of A. paniculata genotypes. The data for the chromatographic peak areas of the samples were normalized to obtain an m×k matrix (where m is the number of samples and k is the number of chromatographic peaks). All the samples formed two broad categories (Fig. 3) . The genotype AP10 was more diverse than the other genotypes. The established relationship between ten genotypes of A. paniculata by chromatographic fingerprinting and the cluster analysis gives the preference of selection of good quality material and is applicable for adoption for a breeding programme for crop improvement [9a,9b] .
In summary, the enhanced HPLC fingerprinting method can comprehensively and properly reveal the quality characteristics of medicinal herbs, and will become a very useful complementary technique for quality determination.
The results give evidence that A. paniculata samples from different geographical origin have a varied and complex chemical mixture.
Experimental Plant materials and crude extraction:
The present study was confined to ten genotypes of A. paniculata. Dried leaves of samples from 10 different geographical origins were selected based on their performance and evaluated through field experimentation at the Department of Plant Molecular Biology & Biotechnology, Indira Gandhi Agricultural University, Raipur, India [10] . The collection sites and their geographical status are shown in Table 4 . Young leaves were collected from plants at flowering time, but avoiding material containing flowers or damaged by insects or fungi. Leaves were then cut into small pieces to permit homogeneous sampling. Drying was carried out at an ambient temperature of 45 o C, followed by grinding. Two g of fine power was extracted by reflux with 100 mL of 70% (v/v) ethanol, with 3 cycles. The ethanolic extracts were filtered and concentrated in a rotary evaporator at 60°C. The extracts were stored at 4°C until used.
HPLC condition and standard preparation:
HPLC analysis was carried out on an Agilent Series 1100 chromatograph, equipped with a vacuum degasser, a quaternary pump and a diode array detection system, connected to a reversed-phase column (Diamonsil C18, particle size 5 µm, metachem (150 mm X 4.6 mm column, Agilent, USA). Data collection was performed using Chemstation software (Agilent). The temperature was fixed at 25°C. The injection volume was 20 µL and elution was monitored at 223 nm. Andrographolide (Sigma, USA) at different concentrations (22.0 mg, 11.0 mg, and 5.5 mg) was used for method validation and preparation of calibration curves. Crude extract was evaporated under reduced pressure until dryness and used for HPLC quantification.
Fingerprinting of A. paniculata:
The 5 samples of each A. paniculata genotype were collected for HPLC quantification. The areas of 9 common peaks in the chromatograms were used to construct the fingerprints. The standard variance of each peak area was calculated from the data array and then used to normalize it. The PCA calculation was based on a singular value decomposition of the data array of the fingerprints. The first 2 scores of PCA results were used to make a projection plot that provided a visual determination of the similarity among the fingerprints. Soft Independent Model Class Analogy (SIMCA) was used to classify samples based on their similarities to principal component models. The data of the training set were used to determine principal component models for each class. One of the ways of determining the appropriate number of principal components is to use the cross-validation technique. The classification of test set samples was obtained by adjusting each of these to each model and deciding at the 95% confidence level. Cluster analysis classification was used as a decision criterion for the distance between the samples. The average fingerprinting profile of 5 batches of every sample was applied to construct a cluster by measuring Euclidean distance. The cluster analysis was operated with the assistance of Unscrambler® 8.0 [11] . Samples were classified into classes that correspond to the classes of their nearest neighbours.
